Abstract: This study aims to suggest improvements in the functionality and comfort of hygiene masks. Our preliminary study surveyed users' actual experiences of wearing masks from individual sensory, cognitive, and holistic perspectives. We surveyed 1519 Japanese university students, obtaining information on whether they wore masks, the purpose of the mask, and if there were any problems with wearing masks. We studied reported problems versus intended use by calculating the co-occurrence relationship. The aggregated results showed that women wore masks more frequently than men, and the most common reasons for wearing them were to guard against influenza and the common cold. Reported problems, such as discomfort due to "Humidity", were cited by both men and women. Using a text mining approach, we identified that this awareness of problems brought on a "feeling of distraction". Our findings will aid in the design and development of less unpleasant and more practical masks.
INTRODUCTION
Our study was undertaken to develop of hygiene masks with high functionality and less distastefulness, moreover to step up of QOL in long term goal [1] [2] [3] . As a fundamental study, we identified through a survey the actual experiences of mask users while wearing a hygiene mask from individual cognitive and holistic perspectives.
Three types of masks are worn: those for industrial uses; those for medical uses; and those for hygiene in our daily lives. Industrial masks are for protection against gas, vapor, or dust from corrosive or harmful substances in industrial plants and workplaces [4] . Surgical masks are used to guard medical staff from infection in clinical practice [5] . Hygiene masks are worn in daily life by different people for a wide range of purposes [6] . Hygiene masks were developed based on the ideas of their developers, who then conducted product tests and made them commercially available. Currently, they are supplied as an extended range of products, in which various ideas for filtering efficiency, function, material, shape, size, color, and design have been devised.
There have been many studies on the materials used in hygiene masks [7] . Additionally, in the field of medicine, there are survey studies on the effect of wearing a mask for the control of influenza in infected patients in the household as well as medical staff in institutions. Additionally, there have been studies of influenza virus transmission. However, there have been very few studies of the use of hygiene masks in daily life, including studies that focus on comfort issues for users.
In the present study, we investigate the reported problems with wearing hygiene masks in university students in Japan who wore such masks in 2009. In the spring of that year, the outbreak of a new strain of influenza (H1N1) around the world became a well-publicized issue [8] [9] [10] ; therefore, the data were collected at a time of increased awareness of self-care issues. We propose that these acquired opinions, since they were from respondents with heightened awareness, were more helpful in analyzing problems with wearing a mask [11] .
Using the results, we studied the awareness of problems for each intended use in each individual. These results will contribute to supporting the planning and design of hygiene masks. Additionally, the studies may also apply to industrial and surgical mask production. Moreover, our analysis method using a text mining approach suggests applications in the development of new products. In addition, the options in question (4) were provided to respondents by reference to free described responses in a large-scale survey we had conducted in the 3 years prior to the present survey. Pilot tests were also conducted using the questionnaire for some university students before the start of the large research study between 2006 and 2009. To begin with, for participants who wore a mask, the aggregated results of intended use and problem awareness were reported. Subsequently, for the detection of problem awareness in each intended use category, co-occurrence relationships were computed from individual responses.
SURVEY METHOD

ANALYSIS OF ACQUIRED DATA
Ratio of genders wearing hygiene masks
We obtained data from 1519 valid respondents (mean age of 20.1, SD = 2.6), including 715 men (average age of 20.4, SD = 2.6) and 804 women (average age of 19.9, SD = 2.6). From the aggregated results for question (1) , 44.1% of men wore a hygiene mask and 55.9% did not wear a mask (n=715). Meanwhile, 53.4% of women wore a hygiene mask and 46.6% did not wear a mask (n=804). There were significant differences in the distribution between men and women (χ2=13.105, P=0.002, <0.01).
Intended uses of wearing a mask
The acquired free description data in question (2) were briefly described by 1149 items. The responses were manually assigned to categories [12] . The raw responses sometimes involved the same concept spelled in several different ways and expressed differently. Such responses were identified and assigned to the same category. As for spelling, if the same word was described in hiragana or kanji it was unified to kanji. We also normalized for expression, e.g., "common cold countermeasure" and "catching a cold" were unified to "common cold countermeasure". To distinguish between prevention and treatment, some words meaning symptomatic treatment were defined as "countermeasure" and other words meaning preservation of health before catching an illness were defined as "prevention". However, some of the categorical data had been qualified and combined with one or more words. For example, "dryness prevention" was not only observed by itself but also as "throat dryness prevention", "dryness prevention during sleeping" and "Throat dryness prevention during sleeping". These responses were expected to be useful in generating ideas for the development of a new mask. Therefore, these categorical data were treated according to following steps shown in Figure 1 .
First of all, nouns, verbs, adjectives, adjective verbs, adverbs, and verbal auxiliaries in the responses of 686 respondents were derived using open-source KH Coder software [13] . From the results, 2262 words and 81 kinds of noun, 22 words and 14 kinds of verb, 9 words and 5 kinds of adjective, 9 words and 4 kinds of adjective verb, 2 words and 2 kinds of adverb, and 3 words and 3 kinds of verbal auxiliary were computed for the first list, (A). These words contained no compound terms. Second, the kinds of responses in the data were listed in another list, (B). There were 93 kinds of responses that were combined in some way with some words in the list (example: e.g., etiquette, cough-etiquette, sneeze-etiquette). Third, the frequency of the 16 words that occurred more than 10 times in list (A) were computed in list (B). From the computed results, we acquired the responses with the highest frequencies. Fourth, overlapping responses were deleted, and a new list, (C), was created with 32 items. Following these procedures, compound words were not separated but extracted faithfully as meaningful. Fifth, the frequencies of responses with the other noun, such as "during sleeping" and "throat" with "dryness prevention", were computed according to list (C). In the results, we detected 1103 confirmed items. Sixth, the items with the same intended uses in list (C) were unified for each and applied to list (D) which contained the 14 items shown in Table 1 . Following the above-mentioned steps, we were able to compute the frequencies of the intended uses of wearing a hygiene mask. Also, we calculated the numbers of intended uses for each respondent. Figure 2 shows the highest frequencies of the intended uses of wearing a hygiene mask in each number of intended uses for men (n=285) and women (n=401). The percentage of respondents who had one intended use was 49.8% for men, and 45.0% for women, therefore accounting for about half of the respondents. The maximum number of intended uses was 5 for all respondents. There were no significant differences in the distribution of intended uses between the numbers for men (χ2=22.481, P=0.128) and women (χ2=22.190, P=0.137).
The main intended uses were listed as "Influenza prevention" (new type influenza prevention, men: 0.4%, women: 0.2%), "Common cold prevention", "Etiquette" (cough etiquette: 26.7%, 22.6%, sneeze etiquette: 0.0%, 0.5%), "Common cold countermeasure", and "Dryness prevention" (involved throat dryness prevention: 3.2%, 4.9%, dryness prevention during sleeping: 0.4%, 1.2%, throat dryness prevention during sleeping: 0.4%, 0.5%, lip dryness prevention: 0.4%, 0.0%). Other uses included "Dust countermeasure", "Hide my face" (hide my face with no marking: 0.0%, 2.3%, hide my face with chalk mark: 0.0%, 0.2%), "Coldness countermeasure", and "Influenza countermeasure". With respect to differences between men and women, each intended use was statistically characterized using a chi square test. These revealed that women had more intended uses for "Common cold countermeasure" (χ2=7.721, p=0.006, <0.01), "Dryness prevention" (χ2=4.575, p=0.032, <0.05), and "Hide my face" (χ2=7.616, p=0.006, <0.01) than men. From these results, we found that hygiene masks are used differently according to gender.
General reporting of problems with hygiene masks
From the aggregated results of question (3) for those who wore a hygiene mask, we inferred whether respondents were satisfied or not with hygiene masks. The number of respondents who reported problems (yes) was 87.3%, 94.9% for men and women, respectively (men n=315, women n=429). There were significant differences in the distribution between men and women (P=0.000, <0.01). It was found that women were less satisfied with hygiene masks, in spite of women being more likely to wear a mask than men.
The percentages of problem reporting, from the aggregated results of question (4) , are shown in Figure 3 . This figure also shows the percentages for the number of intended uses. It was observed that the percentage of "Humidity" and "Breathing difficulty" responses were more than 45% in the male and more than 50% in the female group. Additionally, a higher percentage of women than men reported the potential problem of "makeup coming off". As an aggregated total, the awareness of problems with wearing a hygiene mask in men was not the same as that in women (χ2=126.966, P=0.000, <0.01). Also, comparing across gender, there were significant differences in "Humidity" (χ2=9.241, P=0.002, <0.01), "Awkwardness" (χ2=7.810, P=0.005, <0.01), "Makeup coming off" (χ2=188.882, P=0.000, <0.01), and "Poor fit in size" (χ2=15.660, P=0.000, <0.01). For the category "Others" for men, responses included "Formed an air gap between the mask and face" (1.5%), "Odor of mask sheet or within a mask" (1.4%), and "Shift" (0.7%). As for women, responses included "Odor" (1.4%), "Hard to talk" and "Mistrust of the effectiveness of wearing the mask" (0.7%).
We conclude that the observed problems were due to the thermal, hygroscopic, and airflow properties of the mask in the climate within and around wearing a mask. Moreover, we found that hygiene masks were perceived differently according to gender.
Problem awareness of individual mask users 3.4.1 Problem awareness in each intended use
As described above, we reported the intended uses and awareness of problems with wearing a mask across all subjects. How these interactions would allow the development of a hygiene mask for a particular intended use was not clear from these data. Therefore, problem awareness for each intended use was calculated using the data from respondents who had one intended use, as shown in Table 1 and Figure 2 . Next, we focused on the co-occurrence relationships between problem awareness and each intended use across individuals.
Problem awareness for each intended use is shown in Table 2 . The results show that the awareness of the problem of "Humidity" had almost the same tendency for each gender as for the results as a whole (men; χ2=11.134, P=0.517, women; χ2=16.230, P=0.234). From these statistical results, responses for one intended use were expressed as all the responses that involved several intended uses.
Co-occurrence among responses of individual
The co-occurring responses between an intended use and awareness of a problem were analyzed in individual respondents (men: n=130, women: n=181) [13] . The number of co-occurrences of an intended use, |Ux| and a problem, |Pa| were expressed as |Ux Pa|. The index of support, S, was calculated as the co-occurrence number versus the number of respondents, Nx, who had the intended use as in equation (1) [14] . S (Ux, Pa) = |Ux Pa| / Nx (1)
Also, for an index of co-occurrence strength, the Jaccard coefficient Jx was calculated using equation (2) [15] .
The J-index and S-index of twins, triplets, and tetrads in the intended use were computed in 128 combinations. Figure 4 shows the co-occurrence network with twin using the KH coder software to develop an understanding of the whole image [16, 17] . Stronger co-occurrences are shown with heavier lines. Figure 5 shows the J-index versus the S-index for each intended use with the combination (U, P) at the highest S-index.
The J-indices of "Influenza prevention" and "common cold prevention" were high in value for both men and women. Meanwhile, the other J-indices were low in value for all. It seems that later intended uses had fewer reported problems than earlier intended uses. Additionally, there was an increase in variance of the responses because the numbers of respondents for each intended use was fewer. In the discussion, twin (Ux, Pa) for intended use and problem awareness, which have the highest J-indices for each intended use, are discussed according to the strength of co-occurrence, the J-index. Table 3 shows the association of twins, triplets, and tetrads with the highest J-index.
Focusing on responses with the highest J-index and S-index, reported problems for "Influenza prevention" and "Common cold prevention" were commonly P1, P3, and P8 for both men and women. From these results, it is implied that "Humidity" and "Breathing difficulty" brought on "Feeling distracted". We predicted that a higher airflow resistance through a mask sheet would cause a higher awareness of the problem of "Breathing difficulty". Also, poor airflow properties implied lower moisture vapor permeability, which produced a higher awareness of the problem of "Humidity". Both of these problems were related to a high amount of awareness of "Feeling distracted".
Focusing on the low rank: for men, the intended uses of "Etiquette" and "Common cold countermeasure" led to the problem awareness of "Feeling hot" added to "Humidity" and "Breathing difficulty". As for women, for the intended use of "Common cold countermeasure", the problem awareness of "Breathing difficulty" was associated with "Makeup coming off" and "Feeling distracted". It seemed that "Breathing difficulty" caused "Feeling distracted" and was itself caused by wearing the mask in the wrong position, which was one factor in "Makeup coming off".
DISCUSSION
Our results indicate that the main intended uses of hygiene masks were for the prevention of influenza and the common cold. As the survey coincided with news of a new strain of influenza, there were many comments at the time for applying countermeasures, such as, wearing a mask and hand hygiene [18, 19] . In some studies, it has been reported that the antiscattering effect of wearing a mask is validated by the evidence [20] . Also, the effectiveness of protection from pollen and dust with larger particle size have been shown experimentally [21] . However, the effectiveness of hygiene masks and garments in protecting from the Influenza virus has not been shown experimentally [22] [23] [24] , although there are indirect reports from decreasing disease ratios [25] . Wearing masks helps to prevent these diseases from spreading, and additional improvements in public health based on prevention from touching the germ-covered mouth with hands are expected.
The awareness of problems with wearing a mask allows improvements to be made to their thermal, hydroscopic and airflow properties. Wearing a new mask with improvements in these physical properties caused no distastefulness, were worn in the appropriate position and were therefore expected to bring out higher performance for each intended use.
CONCLUSIONS
In this paper, the intended uses and awareness of problems with hygiene masks used by both males and females were described. In addition, in the computing of co-occurrence relationships, we identified problems with wearing a hygiene mask that individuals were aware of.
Our findings will be of use in the design and development of a mask with high functionality and less unpleasantness for men and women. Moreover, this analysis method will be useful for the systematic development of normalized hygiene products, such as surgical gloves, eyeglasses, and hats for patients with varied symptoms and after-effects. The results of the present study offer fundamental knowledge that may contribute to the effective use of hygienic products in the future. 
